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ABSTRACT 



A method for engraving three-dimensional graphic in- 
telligence upon workable stock, utilizing a three- 
dimensional pantograph engraving machine. A master 
is prepared wherein analogs of engraved graphics are 
defined by constant width U-cut channels. The depth 
of a U-channel is proportional at each point to the 
loiHth n f r naMc pwiii Hn|i fl»nphir T hp master is po- 
sitioned at the master object receiving bed of the pan- 
tograph machine and desired analogs are traced, uti- 
lizing as the tracing element a cylindrical stylus having 
a diameter approximating that of the channels. A 
work cutting tool moves homologously with the stylus 
to cut the workable stock. The tool is adapted to 
sweep a cone durin g rotation, whereby a graphic is 
produce dJiavin%j> width at the surface or the wdrj : 
pieceTand a deptrTat each point, which is proportio nal 
to the vertical excursion of the tracing elemem during 
its pass through the U-channel of the master, thus pro- 
ducing graphics having the attributes of a true hand 
engraving. 



7 Claims, 12 Drawing Figures 
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same depth. Unrounded comers, that is to say, snarp- 

METHOD FOR ENGRAVING GRAPHICAL ness in the corners, is not possible pursuant to such 

REPRESENTATIONS UPON WORKABLE approach as the cutter traces an arc at the end of each 

MATERIALS * line which is cut. 

5 Those who are familiar with the discussed arts, are 

BACKGROUND OF INVENTION ^ abundantly aware of the vast differential in ap- v 

This application is a continuation-in-part of my co- pearance, as between lettering created by hand engrav- C 

pending application, Ser. No. .473,010, filed May 24, ing or carving techniques, and the lettering provided by ( 

1973; now U.S. Pat. No. 3,9 15,061 for "Method for conventional pantograph machine cutting methods; \ 

Engraving Graphical Representations on Workable 10 and it may be noted that even the uninitiated readily J 

Materials". observe the far more aesthetically appealing character- I 

_ his invention relates generally to methods and appa- istics of the hand engraved graphics. Here it may be I 

5tus for producing inscribed graphic representations noted that an analysis of objects produced by the two 

In workable material, ari d more specifically relates to techniques, establishes the basis for the distinctions 

[method and apparatus for engraving such r'eprcsmiiu- 15 mentioned. Such analysis reveals that hand engraved 

t;,^ ,, r nn W nnH m^l or other materi als. letters and symbols are typicaUy characterized, not 

' The presentation of graphic material such as words, only by a variation in width of the various portions of 

symbols and similar alpha-numeric information, and of the letters, but moreover by variations in depth of cut 

other graphic intelligence by inscribing such intelli- into the stock, which bears a relationship to the width 

gerice upon workable materials, is an art that is almost 20 0 f the letter or other representation at the given point, 

as old as civilization itself. Needless to say, however, These characteristics will become increasingly evident 

such art remained for centuries a laborious skill, the in the ensuing specification, but it may be noted that in 

results of which depended upon the individual artisan's consequence of the cited relationship completely sharp 

talents and available time. Considering more specifi- comers are evidenced only in the hand-carved letters, 

cally one particular field to which the present invention 25 and moreover aesthetically appealing shadows and 

has application, it may thus be noted that wooden signs, contrasts are introduced by the variable depths and 

such as those identifying the occupant of a home, or a widths of said symbols. 

business establishment, etc., were, prior to the indus- The aforementioned pantograph machines, are not in 
trial revolution, produced by hand-carving the required all instances limited to the two dimensional mode of 
information upon the wood or other workable stock. 30 operations. Indeed, pantograph machines are also 
Within recent times, however, such hand carving has known which are capable of three-dimensional use, 
become a little practiced art, in that not only are the that is to say, use wherein the cutting tool may follow 
required skills in very short supply, but moreover labor the stylus not only with respect to the stylus movements 
costs have become so high as to all but preclude use of in a plane, but also with respect to vertical variations 
these techniques. 35 above and below the said plane. In the past, however, 
S Here it may be noted that while early inscribing tech- the principal manner in which such three-dimensional 
Siiques such as mentioned above for inscribing wooden machines have been contemplated for use in three-di- 
1 materials, ut ilized simple hand carvi ng tools, hand en - . mensional applications has been as follows: presume 
graving with rotating tools is now widely utilized, as for that a duplicate is to be made of a three-dimensional 
pvompL r n rha customized e ngra ving of silverwar e, 4 0 graphic representation, or of other form which can be 
jewelry; etc., andui corresponding 1 p rocr^ tnr-pn- followed by the stylus. Utilizing a cutting tool of rela- 
g raving graphic information on stonesurfaces such^ as tively small dimensions, one endeavors to pass the sty- 
monuments or the like. These techniques are basically lus over and contact all accessible surface points of the 
updated versions~of early hand carving methods. As is presentation or object to be duplicated. The cutting 
*ell-known, however, the cost of such procedure is 45 tool in consequence removes small portions of the 
exceedingly high, and needless to say does not lend work piece as each point of the corresponding surface 
itself to any mass producing operations. (of the master) is contacted by the stylus. If accord- 
the typical mass produced carved letter sign, such as ingly, the operator is indeed skillful and careful to as- 
for example, the name posts utilized at a home owner's sure that all points on the master surface are contacted 
premises, or as another example a nameplate utilized in 50 through repeated passes of the stylus and cutter, a 
an office or the like, is in fact machine- produced with duplicate will be substantially provided. It will, how- 
a pantograph apparatus. These pantograph apparatus ever, be clear from the description of the technique set 
are. well-known in the art, and basically consist of a forth, that much skill and investment of time is required 
cutting tool and a linked tracing stylus. A stencil carry- to achieve a good result. 

ing the appropriate alpha-numeric matrix or other in- 55 in some instances it may be further noted, proposals 
formation is positioned so that the stylus may be ap- have been made for other techniques utilizing three-di- 
plied to desired letters and as the said letters are tra- mensional pantograph machines for providing graphic 
versed the cutting tool follows in homologous fashion, engraving on work pieces. In U.S. Pat. No. 741,442, 
cutting into the surface of the work piece. In the princi- one of a series of patents to an early investigator, M. 
pal techniques followed in the past, it has been contem- 60 Barr, it is, for example, , contemplated that a line en- 
plated that both cutting tool and stylus substantially graving may be produced on a work piece by initially 
move in only two dimensions during the process. What providing an enlarged photograph of the graphic to be 
basically happens' therefore, is that the cutting tool reproduced, and transferring or affixing the said photo- 
/ proceeds at a fixed depth within the work piece, in graph on a slab of gypsum or similar frangible material. 
/ consequence of which these low cost signs display let- « 5 Thereafter it is contemplated that one substitutes for 
| ters wherein the cut lines are characterized by uniform the usual tracer element a rotating conical cutting 
I depth; and wherein the width of the cut lines, if vari- tracer, which is homologous with the engraving tool. 
Vable, is achieved by multiple passes of the cutter at the Thereupon one passes the cutting tracer over the pm> 
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tograph and manually lowers or raises the cutting- of the stylus, a graphic may be cut having an outline at 
tracer, so that it may penetrate more or less deeply into the plane .surface of the first work piece which is geo- 
the pattern, and by reason of its conicity cut a wider metrically similar to the outline of the graphic on sten- 
and deeper or narrower and shallower furrow, the ob- cil; and furthermore the cut graphic will have a depth at 
ject being to cut away all and no more than the lines of 5 each point thereof corresponding to or similar to the 
the pattern. The engraving tool moving in homologous depth of descent of the tracing element during passage 
fashion, thereby provides a corresponding three-di- through the voids defining the graphic at the stencil, 
mensionat engraving. This technique, while of consid- The stencil plate referred to may comprise flat walled 
erable interest, has little practical value in that firstly a cutouts into or through the plate. The width of the 
vast amount of time and effort is involved in prepara- 10 cutouts, at the surface of the plate corresponds to the 
tion of the "master", which is then promptly destroyed desired form of the graphic to be cut. The plate itself 
in the very act of providing the duplicate engraving. may be of sufficient thickness to enable the required 
Perhaps of at least equal significance, is the fact that excursions, or a thin plate may be maintained during 
the technique used requires that the operator at all the cutting operations in spaced relationship from an 
times exercise demanding judgment and manual con- 15 underlying surface to permit the required excursions, 
trol in keeping the cutter precisely within the confines The resultant work piece — which may then be re- 
of the photograph master. ferred to as the "master" — thus includes graphics 

In another patent of the same M. Barr, U.S. Pat. No. which are defined by V-cut channels, the depth of 
684,971, there is described a technique for producing . which are proportional to the width of the graphics at 
engraved plates for use in printing applications. In par- 20 the surface of the said master. This master may then be 
ticular, a plate is utilized having a pattern consisting of positioned at the master object receiving bed of the 
incised lines or grooves to a greater or lesser depth pantograph and traced in a single pass, utilizing as the . 
according to their width. As the grooves are traced, a tracing element a conical-tipped stylus having an in- 
cutting tool capable of vertical motion is linked by a eluded angle no greater than the included angle of the 
pantograph connection to follow the movements of the 25 V-cut channel. A work cutting tool moves homolo- 
tracer tool, whereby it produces an engraving which is gously with the stylus to cut workable stock. The tool is 
characterized by increase in depth of the line with an adapted to sweep a cone during rotation, whereby a 
increase in width. The consequence of this arrange- graphic is produced on the stock having an outline 
ment, as indicated in the patent, is that the printed which is geometrically similar to the outline of the 
character which results from use of the. engraved plate, 30 graphic on the master, and a depth at each point similar 
has a greater body of ink on it per unit of area in the to the vertical excursion of the tracing element during . 
case of a wide line than it has in the case of a narrow its pass through the V-cut channels of the master, 
line. While the techniques thus disclosed in my Ser. No. 

In my aforementioned copending application Ser. 473,010 application yield highly usable and novel re- 
No. 473,010 1 have disclosed method and apparatus 35 suits, it has been found in practice that the V-cut mas- 
combinations, based upon use of a conventional three- ters which are formed and utilized in accordance with 
dimensional pantograph engraving machine. The latter that invention present certain problems which restrict 
machine, as is known in the art, conventionally in- the efficacy of the method. In particular, it is found that 
eludes a bed for receiving the "master" object, to be- a relatively high degree of skill is required to appropri- 
reproduced, a tracing stylus overlying the bed and 40 ately guide the stylus through the V-cut channels. In 
adapted to be passed in contact with surface portions of addition, it will be obvious upon considering the mode 
the object to be simulated, and a work-piece receiving of use, that a relatively high degree of pressure occurs 
station adapted to receive a piece of work stock. A at the apex of the "V* which, in turn, limits the useful 
rotating cutting tool is linked through a pantograph life of the master. 

linkage to the tracer stylus as to move homologously 45 In accordance with the foregoing it may be regarded 
therewith, thereby providing cutting action at the as an object of the present invention, to provide 
workpiece location, which is homologous with respect method and apparatus which enables production of 
to the tracer movements at the original object. engraved graphics at extremely low cost, and without 

In the teachings of my Ser. No. 473,010 application the utilization of skillful personnel; which graphics 
one initially positions as the "master'* object, a stencil 50 however, are equal in quality to the best hand-engraved 
plate. Such plate carries thereon voids, the boundaries products. 

of which at the plate surface define the indentity of the It is a further object of the present invention, to pro- 
graphics to be engraved at the work piece. The tracing vide method and apparatus which enables production 
stylus comprises a conical-tipped element, the conical . .of engraved graphics by the use of masters, which by 
portion of which has an included angle and an axial 55 virtue of their construction characteristics and the 
length in relationship to the voids, such that the stylus mode of use thereof, possess extremely long life, and 
may traverse the entire graphic defined by a void or yield outstanding results when utilized by persons of 
series of voids, with the edges of the cone at all times . limited skill. 

contacting and being limited in downward movement CI1 .. UADV ~- IWVCN rrirkw 

by the lateral boundaries of the voids. By this arrange- 60 SUMMARY OF INVENTION 

ment the vertical excursions of the stylus into the voids Now in accordance with the present invention, the 
varies in accordance with the separation of the restrain- foregoing objects, and others as will become apparent 
ing lateral edges of the void at the surface of the plate. in the course of the ensuing specification, are achieved 
The cutting tool comprises a rotating cutting head, the in a method based upon a three-dimensional panto- 
tip of which is adapted to sweep a cone during rotation 65 graph engraving machine, wherein a master is prepared 
thereof. Accordingly, with the cutting tool in contact in which analogs of engraved graphs are defined by 
with a first work piece, and with the said tool undergo- constant width U-cut channels, the center line of the 
ing three-dimensional excursions homologous to those U-channel defining a pattern geometrically similar to 
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the graphics to be engraved. The depth of a U-cut FIG. )0 is a plan view of a portion of a master in 

channel is proportional at each point to the width of the accordance with the invention, and illustrates the ap- 

corresponding graphic. The said master is positioned at pearance of a representative graphic; 

the master object receiving bed of the pantograph ma- FIG. 1 1 is a plan view of a workpiece carrying the 

chine, and desired analogs are traced, utilizing as the 5 derivative graphic corresponding to that of FIG. 10; 

tracing element a ball end cylindrical stylus having a and 

diameter approximating that of the channels. A work- FIG. 12 is a plan view of a master in accordance with 

cutting tool moves homologously with the stylus to cut the invention, which incorporates features which aid 

the workable stock. The V-shaped tool is adapted to the user in visualizing the form of the derivitative 

sweep a cone during rotation, whereby a graphic is 10 graphic. 

produced having a width at the surface of the work DESCR!PTIO N OF PREFERRED EMBODIMENT 
piece and a depth at each point, which is proportional 

to the vertical excursion of the tracing element during In FIG. 1 herein a perspective, highly schematic view 

its pass through the U-channel of the master. By virtue is set forth, depicting one manner in which a master 

of the constant width of the aforementioned U-chan- 15 may be prepared for use with the present invention. As 

nel, the stylus is guided therethrough is unusually accu- has been previously indicated, the invention utilizes a 

rate and firm fashion — as the only variations (other so-called three-dimensional pantograph engraving ma- 

than in the X— Y plane) are changes in vertical height chine, which is schematically illustrated by the block 

effected by virtue of the depth of the U-channel. 10 in FIG. 1. It should be understood in this connection 

The masters of the invention may be prepared by a 20 that the said machine 10 is not per se of the present 
number of techniques. In one such technique, for ex- invention, and accordingly no attempt is made herein 
ample, a stencil plate includes voids, the width of which to illustrate the said machine. In point of fact, such 
at the surface of the stencils defines the graphics. The machines have been known for very many years, early 
voids can be traced on the aforementioned 3-D panto- versions thereof dating well back to the early part of 
graph machine using a conical tip stylus, as a cylindri- 25 the present century. A suitable model for present pur- 
cal cutter moving homologously with the stylus oper- poses, for example, is available from Scripta S.A., Paris 
ates on a first work piece — to produce the master for 11, France, under the model designation SR3D. The 
use with the present invention. A similar arrangement machines in question are principally characterized as 
may be employed to prepare the said masters, but uti- including a master receiving bed, at which an object to 
lizing instead of the aforementioned stencil plate, a 30 be followed with a stylus is normally mounted, and a 
V-cut master of the type disclosed in my Ser. No. work-receiving station at which a work piece - is 
473,010 application. Other techniques the also be uti- mounted. A rotatable driven shaft generally overlies 
lized to prepare te master — including preparing same the work-receiving station, and is powered by suitable 
from a line cut photo-engraving; by first preparing a motor means. The said shaft which is adapted to re- 
stencil plate of the type mentioned, and then reiterating 35 C eive some type of cutting tool or the like, is connected 
the cited operations upon the stencil plate. through the usual pantograph linkage to the said ma- 
chine to the stylus, so that as the stylus is made to pass 
BRIEF DESCRIPTION OF DRAWINGS over the surface of the master (after suitable allignment 

The invention is diagrammatically illustrated, by way is first made between the surface of the master and the 

of example, in the drawings appended hereto, in which: 40 work stock and the cutter and stylus) the cutting tool 

FIG. 1 is a perspective, highly schematic view, illus- will then traverse in homologous fashion over portions 

trating a method for preparing a master in accordance of the work piece. As has been previously indicated, 

with the present invention; and although such mode has not normally been used in 

FIG. 2 is a cross-sectional view taken along the line the cutting of graphics, this type of machine is capable 

2—2 of FIG 1' 45 of a use wherein as the stylus progresses over various 

FIG. 3 is a fragmentary plan view of an alternate type portions of the master surface, the cutting tool cuts 

of cutting tool which may be utilized in preparing the away at the work piece to produce a surface having 

masters of the invention; point-to-point conformance with the specific spatial 

FIG. 4 is a cross-sectional view similar in nature to points traced , by the stylus. As used here the work 

FIG. 2, illustrating the manner in which a master may 50 "master" refers, of course, to the object placed at the 

be prepared in accordance with the invention, starting master receiving bed of the pantograph apparatus, 

with a V-cut master of the type disclosed in my afore- In accordance with the present invention, methods 

mentioned Ser. No. 473,010 application; are set forth enabling highly useful new results to be 

FIG. 5 is a simplified cross-sectional view illustrating achieved with the above-described pantograph ma- 

the manner in which a master prepared by the inven- 55 chines. In order to concretely illustrate the mode of 

tion may be utilized to produce corresponding deriva- operation of the present invention, it may be assumed 

tive graphics; in FIG - tnat a block of material is positioned as the 

FIG. 6 is a simplified perspective view illustrating a work piece 12 at the aforementioned work piece re- 
further technique pursuant to which the masters of the ceiving station of apparatus 10. Work piece 12 may 
invention may be prepared; 60 constitute any of a variety of materials that are work- 

FIG. 7 is a perspective, highly schematic view, illus- able by the rotatable cutting tool 14 utilized in the 

trating the initial step of a method for preparing mas- invention, and may therefore be constituted of wood, 

ters in accordance with the invention, starting with a plastics, ceramics, metals or other workable materials, 

line-cut photo-engraving; Since however, piece 12 will itself ultimately be used as 

FIG. 8 is a cross-sectional view taken along the bro- 65 a master, it is desirable that it be relatively durable, in 

ken line 8— 8 r of FIG. 7; order to enable numerous tracings with a stylus. Piece 

FIG. 9 is a schematic cross-section depicting the 1 2 is therefore preferably formed of a tough, long wear- 
second step of the method initiated at FIG. 7; ing material such as a lucite, a PVC-type plastic, brass, 
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etc. For purposes of concretely illustrating the FIG. 1 defines the "legs" of the character **A*\ descends to a 
process, it may be assumed that a graphic representa- relatively large excursion, while at the position desig- 
tion is to be placed on piece 12, such as a lettered nated 28c, which constitutes the bar of the script letter 
sequence "At". r, the stylus descends a much lesser degree; and finally 
In order to provide the desired cut graphic sequence, 5 at the position designated 28o\ the stylus as it passes 
there is positioned at the master receiving bed a series over the relatively sharp termination of the script t 
of stencil plates, such as at 16 and 18, which in totality descends but a minisculc distance within plate 18. 
provide the desired graphic sequence. Of course, it is The net result of the foregoing sequence of events 
equally within the province of the invention for a single may be seen from examination of the right-hand side of 
such plate to be utilized containing the desired infor- 1° FIG. 2, wherein the specific cuts which are effected by 
mat ion (which can of course be an entire alpha- the homologous movements of tool 14 are seen. From 
numeric set). Referring particularly, for example, to this it may be observed that the cut provided in piece 
the plate 16, it is seen that such plate comprises a slab 12, at various corresponding points such as 28a', 286' 
of material, for example, of metal, plastic or other and 2Sd\ in all cases are defined by parallel constantly- 
relatively durable substance, into which is cut voids 20, 15 spaced walls 50, whereby a simple U-cut channel of 
which define a given graphic such as the character "A" constant width is generated, the center line of which 
on plate 16. In the embodiment of the invention ap- defines a graphic pattern geometrically similar to the 
pearing in FIG. 1, as best seen by reference to the center line of the graphics on plates 16 and 18, the 
cross-sectional view of FIG. 2, the said voids 20 are depth of the U-cut, however, varying at each point in 
bounded by walls 22, which are perpendicular to the 20 accordance with the depth of descent of stylus 26. 
surface 24 of the plate 16. These walls 22 descend into Accordingly, for example, it is seen that as one pro- 
the material to a common level, and may pass com- gresses to the right on the Figure, the width of the 
pletely through the material, as it is not the depth of the U-channel remains constant, but the depth decreases 
voids that is of significance but only the spacing d be- successively from 28a'. to 28b' etc., to 28a". Accord-: 
tween void edges 44 and 48 as the surface 24 of the 25 ingly, it will be evident from the foregoing, that a net 
plate (provided however that the depth of the voids be result of the present process is that the two-dimensional 
sufficient in consideration of angle A and L to enable characteristics of the graphics on plates 16 and 18 — 
the said edges to constitute the restraints on the stylus by which it is meant the separation of the edges of the . 
descent). The stylus 26 thus includes a conical tip 28, graphics as they appear on the surface 24 of the plates 
characterized by an included angle A at the cone, with 30 16 and 18, has been converted into analogs at work 
the conical tip further having an axial length 30 of piece 12 having variations not in width of the cut chan- 
value L. The said stylus 26 does not in any manner nel — but rather in depth. Thus, in this connection it 
rotate, but is merely intended to traverse the voids will also be appreciated that the total thickness 56 of 
defining the graphic intelligence. the stencil plates 16 and 18 is of significance to this 
Continuing to refer to FIG. 1, it is further seen that 35 aspect of the invention, only in that a certain thickness 
the rotatable tool 14 comprises a simple cylindrical is required to permit sufficient excursion for the stylus 
cutter having cutting flutes 32. The tool 14 is of gener- 28. Accordingly the voids need not necessarily be de- 
ally uniform cross-section, and preferably has a ball fined by vertical walls as illustrated extending into a 
end 31, with cutting flutes 32 extending to the bottom, solid block of material, but for example, a thin plate of 
rounded portion. In an alternate embodiment (FIG. 3) 40 material containing the voids defining the graphics, 
a tool 17 may be used having a flattened bottom 33 — could be suitably spaced from an underlying surface so 
and cutting flutes 35. as to permit the required stylus excursions. This is to 
The cross-sectional view of FIG. 2 illustrates the say that the plate 16 or 18 can function in an identical 
manner in which the stylus 28 is made to traverse vary- manner if it is internally hollow. This latter construc- 
ing portions of the voids defining the graphics at plates 45 tion would of course, require support legs or the like, 
16 and 18. In order to provide directional reference for extending from "cut-off" portions of graphics to the 
discussion herein, a set of right-hand orthogonal coor- underlying interior base of the hollow structure — e.g. 
dinate axes 13 are set forth (in FIG. 1), with the X and to support the central circle of the letter o. As will be 
Y-axes corresponding to the horizontal plane, and the discussed further hereinbelow, the work piece 12, fol- 
Z-axis being oriented along the normal to such plane at 50 lowing the operations so far discussed, may be utilized 
the intersection of the X and Y-axes. with pantograph 10, as a master for production of de- 
The stylus tip is indicated by 28a, 28b 7 28c and 28a" to rivative works. Cut piece 12 may therefore be referred 
illustrate several different positions in its path of to hereinbelow as a "U-cut master", in recognition of 
traverse, but it will of course be understood that the the fact that the analog graphics thereon are indeed 
same stylus is depicted at each of these said points. 55 defined by U-cut channels of uniform diameter, the 
Firstly, it will be noted that the stylus tip 28, is so de- depth of which varies in accordance with the width of 
signed that as the stylus conical tip 28 traverses the the graphic represented by the analog, 
various voids in plates 16 and 18, the apex 36 of the It should, at this point, be appreciated that FIGS. 1 
stylus tip will in general not descend to the bottom 38 and 2, depict but one specific method that may be 
of the said voids, but rather the downward excursion of 60 utilized to prepare the U-cut masters — which will 
the stylus will be limited by the sides 40 and 42 of the hereinafter be utilized in producing derivative graphics, 
tip 28 contacting lateral edges 44 and 48 of the voids at A variety of several other techniques may be utilized in 
surface 24 of the plate. To put this aspect of the inven- the course of preparing a U-cut master of the type 
tion another way, the conical tip 28 of the stylus may indicated. It should however be appreciated that once 
always descend within the void to a degree specifically 65 the initial master 15 is prepared, replica masters for use 
limited by the separation d of those edges of the void at by craftsman, e.g. in a master subsequently to be set 
the surface 24 of the plate which contact the tip. Thus forth in connection with FIG. 5, need not be prepared 
it is seen the the conical tip at 28a and 2&b, which by the relatively sophisticated techniques in FIGS. 1,2, 
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3, and 6 through 9. This is to say, that once an initial that at all times the said tracing element is nested on its 

master IS is prepared, duplication on a 3-D pantograph sides by the parallel walls of the U-cut channel; and at 

may be utilized to prepare any desired numbers of the same time, the tracing stylus 58 rides firmly at the 

derivative masters — which items are then made avail- bottom of the said channel As previously indicated, 

able to consumers for use in preparing end products 5 the channel may be completely flat on its bottom por- 

such as, for example, engraved name plates or engraved tion. But preferably — where a ball-ended cutter as in 

intelligence upon metal, stone or other workable mate- FIG. 1 is used — the groove has a slightly rounded 

rials. Thus it is emphasized that each "master" and bottom, which facilitates X—Y sliding of the stylus (the 

mode of preparing same as discussed in . this specifica- stylus 58 is in such instances, preferably as well, 

tion is not necessarily the same master which is pro- 10 rounded at its bottom). 

vided as a commercially available product to the con- It will of course further be evident that the resulting 
sumer-at-large. That which the consumer purchases, cut graphics, on work piece 62, by virtue of the X, Y 
while it may be generically referred to as "master" and Z-directed movements of cutter 64, will have a 
using the customary parlance of this art, is in the usual width at the surface of the final work piece correspond- 
case a replica or derivative master produced by cast- 1 5 ing to the original graphics from which the analogs 
ings or so forth from an "original master". were derived, and a depth varying in accordance with 
As has been disclosed in the "Background" portion such width. The net result is to produce a graphic de- 
of the present specification, the precise technique that fined by V-cut walls, but the depth of which vary in 
has been described in connection with FIGS. 1 and 2 accordance with the width of the graphic — in a man- 
herein, can be utilized as set forth in my 473,010 appli- 20 ner exactly resembling that displayed by hand- 
cation to prepare a V-cut master. The latter may then engraved graphics. 

be utilized to prepare the U -channel of master 15 of the A further technique pursuant to which the masters 12 
present invention, by means of the technique illustrated of the present invention may be produced is illustrated 
in FIG. 4. In particular, the conical tracing element 26 in the simplified perspective view of FIG. 6. The tech- 
is made to transverse the V-cut grooves of V-cut master 25 nique utilized herein uses aspects of the concepts set 
52, as shown in the left-hand portion of FIG. 4, while forth in Ban*, U.S. Pat No. 732,154. In particular two- 
the cylindrical ball-ended cutting tool 14 moves in dimensional graphics 70. which mav be in tfre form of 
homologous fashion (vis 3-D pantograph engraving photograph ed or ink-drawn letters or^he-like^are^se " 
machine 10) upon a workpiece 54, so as to provide cuts cured to a readily destructible base 72 as, for example, 
56 upon such work piece of exactly the character 30 of plaster-of-paris. In this instance a rotating tool 74 i s 
which ensues in FIGS. 1 and 2. Thus, of course, it will us ed in effect as the tracing stylus, in the manner dis- 
be evident that the conical tracing element 26, in trans- cussed in connection withTlGS. 1 and 2. In particular 
versing the V-cut master 52 undergoes precisely the the rotating tool 74, ha ving a conical cutting tip 76, is 
movements that have been illustrated at the left-hand passed over the letters tor "other graphics) to be con- 
portion of FIG. 2 herein; whereby as already men- 35 verted to analogs 78 at the master work piece 80, and 
tioned, the precise pattern is established at the right- the w orkman manipulates the height (i.e. the Z-coor di- 
hand portion of the Figure, i.e. at the U-channel master nate) oftne tooK as to iuslencqm pas^ the wjp'tfr of the 



) 

hand portion of the Figure, i.e. at the U-channel master nate) of the tool, as to iuslencqmpji^ the wjfoft of the 

55. letter or other a lp ta-numeri c — there by destroyingj he \ 

Pursuant to the present invention, and as illustrated photograph and portions of tne un^erlyihg'oase 72 as / 

in FIG. 5, the resultant master 15 is used in the course 40 the alpha-numerics are traced. The cutting tool 82 at 

of preparing a finished engraved work, by once again the right side of FIG. 5, is identical to tool 14, and is 

utilizing the same 3-D pantograph engraving machine controlled in precisely the fashion that has been dis- 

10. In particular one substitutes for the tracing element cussed in FIGS. 1 and 2. Thus it will be obvious, that a 

26 a simple cylindrical ball-ended stylus 58, having in U-channel master 84. results, having the same attributes 

general a uniform diameter which is approximately that 45 as discussed in FIGS. 1 and 2. 

of the cutting tool 14, and thus approximately that of The disadvantage of the method described in connec- 
( actually somewhat less than) the width of the U-cut tion with the FIG. 6, is that considerable skill is re- 
channels 56. One thereupon proceeds, utilizing the said quired on the part of the operator to very accurately 
stylus 58, to trace the graphics analogs upon master 12 maintain the proper dwell for the cutting tool 74. How- 
for which one desires to produce the corresponding 50 ever, in certain applications such technique may be 
graphic on work piece 62. The work cutting tool in this desirable, and it will be clear that the total cost of pre- 
instance comprises a simple conical cutter 64, which paring the U-channel master 84 is relatively low in 
preferably has the same included angle A as the tracing comparison to the other methods described — since 
element 26, which was utilized to produce the original the cost of preparing base 72 and its overlay of photo- 
master — i.e. by using the corresponding angle, distor- 55 graphs is very low. 

tion is completely eliminated. It will, of course, be In FIGS. 7 through 9 herein schematic steps are illus- 
evident that as the cutter 64 moves in homologous trated, which enable a line cut photo-engraving or the 
fashion with the tracing stylus 58, the movement of like to be converted into a U-channel master in accor- 
each element is identical in the X—Y plane (i.e. except dance with the invention. Thus in FIG. 6 a line cut 
that a desired X—Y multiplication factor may be em- 60 photoengraving 90 appears. Line cut photo-engraving 
ployed as is known in the pantograph engraving ma- 90 is of conventional construction. As is thus seen in 
chines of the present type). However, the vertical (Z) the cross-sectional view of FIG. 8, taken along the>line 
excursions of the cutting tool 64 will, of course, vary 8—8' of FIG. 7, the said engraving may consist of a 
with the vertical (or Z-coordinate) of stylus 58. base 92 of a wood or similar material, overlayed with 
The peculiar and special advantage of the present 65 an etchable metal layer 94, as for example, of copper or 
arrangement, is that by virtue of the U-cut grooves other metal which is readily photo-etched by tech- 
present on master 12, the cylindrical tracing stylus 58 is niques known in the art. As indicated in FIG. 7, and for 
guided in an exceedingly firm and accurate fashion, in purposes of illustration, a line engraving of the letter 
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"H" is present, in consequence of these known tech- 
niques. By comparing FIGS. 7 and 8, it will be seen that 
the structure of the line cut photo-engraving is such 
that the letter "H" is defined by channels 96 of uniform 
depth — which channels are bounded by relatively flat 5 
walls, the spacing of such walls varying in accord with 
the portion of the letter. 

In accordance with this aspect of the present inven- 
tion, the line photo-engraving 90 is initially converted 
into an intermediate master 98 by use of a 2-dimen- 10 
sional pantograph engraving machine 100. Basically 
one may use for such purposes, any of the conventional 

2- dimensional pantograph machines; or can use the 

3- dimensional machine previously discussed herein, 
operating in a 2-dimensional mode. Thus as suggested 15 
in FIG. 7, the 2-dimensional pantograph 100 may be 
used with a cylindrical stylus 102 as a tracing element, 
and a rotating cylindrical cutting tool 104 as the cutter. 

It will be appreciated by those skilled in the art perti- 
nent to the 2-dimensional mode of operation here 20 
being considered, a conventional use of the 2-D panto- 
graph machine is being made. In particular, the stylus 
102 may have a diameter "D", less than that of any of 
the channels 96 to be traced; and similarly the cylindri- 
cal cutting tool 104 may have a corresponding diame- 25 
ter. Thus as one "traces*' the letter "O" in the photo- 
engraving 90 with stylus 102, one may pass a multiple 
number of times over given portions of the letter. The 
object is one of covering all points defining the letter — 
although this may take multiple passes to do so. 30 

The basic purpose of the operation as set forth in 
FIGS. 7 and 8 is essentially one of producing intermedi- 
ate master 98, at which the letter "O" is defined by 
channels 106 having the same width as in the line en- 
graving 90, but having sufficient depth so as to enable 35 
production therefrom of a U-channel master by the 
technique of FIGS. 1 and 2 herein. In order to accom- 
plish such result, all that is necessary in using the 2- 
dimensional machine mentioned, is to position the 
work piece 108 which will become intermediate master 4t > 
98, at a higher vertical position, i.e. at a higher vertical 
(Z) plane than that in which line engraving 90 is posi- 
tioned. When this is effected, and the operations just 
described carried out, it will be obvious that an inter- 
mediate master 98 having cross-sectional characteris- 45 
tics as indicated in FIG. 8, will ensue. 

Thereafter in the practice of the invention, and in 
order to provide a corresponding U-channel master 
1 10, one need only utilize the intermediate master 98 
in the manner that has been described in connection 50 
with FIGS. 1 and 2. Thus in FIG. 9 the intermediate 
master 98, shown in schematic cross-section, is utilized 
in conjunction with a 3-D pantograph engraving ma- 
chine 10, of the type heretofore discussed. In this in- 
stance a conical stylus 112 is now utilized to trace in a 55 
single pass the varying width (but uniformly deep) 
grooves of the intermediate master 108. At the same 
time a cylindrical cutter 114 is positioned as the ele- 
ment moving homologously with the conical tip stylus 
112; and thus the ball-ended cylindrical cutter 114 60 
proceeds to cut the work piece 108, as to yield the 
same type U-channel master 110 that is provided in 
accordance with the procedure discussed in FIGS. 1 
and 2 herein. 

Of course it will be evident that one of the principal 65 
advantages of the techniques described in FIGS. 7 
through 9 is that one initiates preparation of the U- 
channel master 1 10, from a line cut photo-engraving — 



and the latter, as is known in the graphics art, can be 
prepared with enormous variety and subtlety of artistic 
expression. It should be pointed out that the intricacies 
of the photo-engraving line cut will require some hand- 
finishing for the intermediate master 98, especially at 
sharp cornered or tapering portions of the said line 
engraving — in order to eliminate the radius resulting 
from the cylindrical cutter. 

In FIG. 10 a plan view appears of a portion 120 of a 
U-channel master in accordance with the invention. A 
graphic analog 122, in the form of a letter "R", is 
shown thereon. A derivative graphic 124 appears in 
FIG. 11, i.e. the graphic 124 is formed in work piece 
126 by the technique of FIG. 5. Comparison of FIGS. 
10 and 11 will render clear that the center lines of the 
graphic analog provided on the U-channel masters of 
the invention define patterns which are geometrically 
similar to those defined by the center lines of the graph- 
ics derived therefrom. The total visual appearances of 
the two however, are quite distinct. This fact, in turn, 
renders it quite difficult for the workman to visualize 
the product which will result from his use of the U- . 
channel master. 

In FIG: 12 a master 128 is shown, which overcomes, 
the aforementioned aiflrculty. 'I hill! ilur iliu»tuuls_l3& 
defining the graphic "R" are surrounded with an over- 
laid pattern 132 which imme diately indicates to the 
us^f'^h^Trgcrsg^lTe^tra^ 
whie1i%^ H3^ 
Denoted" nereT tnatlFiE^ comprising "master ^ 

128 is transparent (e.g. of Iucite), then the pattern 132 / 
can be formed on either the upper or lower face of the V 
master — the pattern 132 being in either case aligned \ 
with the pattern of the U-channels. The pattern 132 * \ 
can be screen printed or otherwise coated upon master )J 
128, or can be formed of adherent foils, etc. 

While the present invention has been particularly 
described in terms of specific embodiment thereof, it 
will be understood in view of the instant disclosure, that 
enormous variations upon the invention are now en- 
abled to those skilled in the art, which variations yet 
reside in the scope of the present teaching. Accordingly 
the invention is to be broadly construed and limited 
only by the scope and spirit of the claims now ap- 
pended thereto. 

I claim: 

1. A method for engraving 3-dimensional graphics 
upon a work piece, comprising: 
positioning at the master object receiving bed of a 
3-dimensional pantograph engraving machine, a 
master wherein analogs of graphics to be engraved 
are defined by constant width U-cut channels, the 
. center line of said U-channel defining a pattern 
geometrically similar to the said graphics to be 
engraved, and the depth of said U-channels being 
proportional at each point to the width at the sur- 
face of said work piece of a said graphic to be 
engraved; 

positioning said work piece at the work piece receiv- 
ing bed of said machine; 

traversing the U-cut channels defining desired graph- 
ics with a cylindrical stylus having a diameter ap- 
proximately that of the said U-cut channel, while 
maintaining the bottom of said stylus in contact 
with the bottom of said U-cut channels; and 

simultaneously cutting said work piece with a cutting 
tool moving in 3-dimensions homologously with 
said stylus; said tool being adapted to sweep a cone 
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during rotation thereof, whereby a graphic is pro- 
duced on sard work piece having a width at the 
surface thereof and walls sloping to a depth at each 
point, which width and depth are proportional to 
the vertical excursions of the stylus during its pass 
through the U-cut channels of said master; thereby 
producing a graphic from said analogs having the 
attributes of a true engraving. 

2. A method in accordance with claim 1, wherein the 
bottom of said U-cut channel are rounded, and wherein 
the bottom of said cylindrical stylus is rounded, to 
facilitate traversing of said stylus through said U-chan- 
nels. 

3. A method in accordance with claim 1, wherein 
said channels are traversed in a single pass by said 
stylus. 

4. A method for engraving 3-dimensional graphic 
intelligence upon a work piece, comprising: 

preparing a master wherein analogs of graphics to be 
engraved are defined by constant width U-cut 
channels, the center line of said U-channel defining 
a pattern geometrically similar to the said graphics 
to be engraved, and the depth of said U-channels 
being proportional at each point to the width at the 
surface of said work piece, of a graphic to be en- 
graved; 

positioning said U-cut channel master at the master 
object receiving bed of a 3-dimensional pantograph 
engraving machine, and positioning said work 
piece to be engraved at the work piece receiving 
bed of said machine; 

traversing the U-cut channels defining desired graph- 
ics with a cylindrical stylus having a diameter ap- 
proximating that of said U-cut channels, while 
maintaining the bottom of said stylus in contact 
with the bottom of said U-channels; and 

simultaneously cutting said work piece with a cutting 
tool moving homologously in 3 -dimensions with 
the said stylus; the tool being adapted to sweep a 4Q 
cone during rotation thereof, whereby a graphic is 
produced on said work piece having a width at the 
surface thereof, and walls sloping to a depth at 
each point, which width and depth are proportional 
to the vertical excursions of the stylus during its 45 
traverse through the U-cut channels of said master; 
thereby producing a graphic from said analog hav- 
ing the attributes of a true engraving. 

5. A method in accordance with claim 4, wherein 
said master is produced by the steps of: 

positioning at the master object receiving bed of said 
3-dimensional pantograph engraving machine, a 
stencil plate carrying thereon voids, the boundaries 
of which define the said graphics; 

tracing the said graphics upon said plate, utilizing a 
conical tip stylus as the tracing element for said 
machine, the conical portion of said stylus having 
an included angle and axial length in relationship to 
said voids such that said element may traverse the 
entire graphic defined by its voids with the lateral 60 
edges of said cone at all times contacting and being 
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limited in downward excursions by the edges of 
said voids at the surface of said plate, whereby the 
vertical excursions of said conical element into said 
voids varies in accordance with the separation of 
said edges at said plate surface; and 
utilizing simultaneously as the work cutting tool mov- 
ing in homologous fashion with said tracing ele- 
ment, a rotating cutting tool of generally cylindri- 
cal cross-section, whereby said U-cut channels are 
produced having said characteristics of geometri- 
cal similarity, constant width and variable depth. 

6. A method in accordance with claim 4, wherein 
said master is produced by the steps of: 

positioning at the master object receiving bed of said 
3-dimensional pantograph engraving machine, an 
intermediate master wherein said graphics are de- 
fined by V-cut channels, the boundaries of which at 
the planar surface of said intermediate master are 
geometrically similar to the said outline of the 
graphic to be engraved on said work piece, and the 
depth of which at each point is similar to the corre- 
sponding depth of the said graphic to be engraved; 

tracing the said graphics on said intermediate master 
by a single pass through said V-cut channels, utiliz- 
ing as the tracing element for said machine a coni- 
cal tipped stylus having an included angle no 
greater than the included angle of said V-cut chan- 
nel; and 

utilizing simultaneously as the work cutting tool mov- 
ing in homologous fashion with said conical tipped 
stylus, a rotating cutting tool of generally cylindri- 
cal cross-section, whereby said U-cut channels are 
produced having said characteristics of geometri- 
cal similarity, constant width and variable depth. 

7. A method in accordance with claim 5, including 
the further step of initially preparing said stencil plate 
by positioning at the master object receiving bed of said 
3-dimensional pantograph engraving machine a line cut 
photo-engraving carrying graphics in configurations 
similar to those to be engraved on said work piece; 

positioning an intermediate master work piece at the 
work piece receiving bed of said machine; 

tracing all points of said graphics on said line cut 
engraving, utilizing as the tracing element for said 
machine a second cylindrical stylus having a diam- 
eter substantially less than the channels defining 
the graphics as said line cut machine; and 

utilizing simultaneously as the work cutting tool mov- 
ing in homologous fashion with said second cylin- 
drical stylus, a rotating cutting tool of generally 
cylindrical cross-section and of diameter matching 
that of said stylus, said intermediate master work 
piece further being positioned during said cutting 
operations at a plane higher than that in which said 
line cut photo-engraving is situated, whereby the 
corresponding channels produced at said interme- 
diate master have sufficient depth to enable subse- 
quent use of said intermediate master as said sten- 
cil plate. 
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